HSP70 expression protects against hippocampal neurodegeneration induced by endogenous glutamate in vivo.
The K+ channel blocker 4-aminopyridine (4-AP) stimulates the release of glutamate from nerve endings and induces seizures and neurodegeneration when perfused by microdialysis in rat hippocampus. In addition, there is a temporal correlation between the progress of neurodegeneration in the perfused hippocampus and the expression of the inducible cellular stress marker heat shock protein 70 (HSP70) in the non-damaged contralateral hippocampus. All these effects of 4-AP are prevented by the NMDA receptor antagonists 3-phosphonopropyl-piperazine-2-carboxilic acid (CPP) and (+)5-methyl-10,11-dyhydro-5H-dibenzo(a,d)cyclohepten-5,10-imine maleate (MK-801), indicating that they are due to NMDA receptor overactivation by excessive extracellular synaptic glutamate. We hypothesized that the induction of HSP70 in the non-damaged contralateral hippocampus should have a protective action against this excitotoxic effect. Here we demonstrate that 4-AP perfusion in one hippocampus prevented the neurotoxic effect of 4-AP when perfused by microdialysis in the contralateral hippocampus 24h later. However, both the stimulation of glutamate release and the EEG epileptiform discharges, which occur immediately after 4-AP perfusion, were similar after the first and the second perfusions. When CPP was coperfused with 4-AP during the first microdialysis, HSP70 induction in the contralateral hippocampus was prevented and the protection against the second 4-AP perfusion was abolished in 50% of the rats. These results suggest that HSP70 induction is an important cellular mechanism to protect vulnerable neurons from excitotoxic overactivation of glutamate receptors by endogenous glutamate, and may be relevant to pathological conditions in which extracellular endogenous glutamate is augmented, such as ischemia.